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Tyansfer  »mong  perceptiial-aiotor  paired-aasociat*  tasks  nas  studied  as  a 
fooBtion  of  co^Uuiit  and  varied  tralnlzig  condition'^*  Over  10  days  of  train- 
ing, one  group  practiced  the  sass  task  evoiTr  day  (constant  conditions),  idiile 
training  ^as  varied  for  tvo  other  groups*  One  of  these  groups  practiced  10 
different  tai^,  one  each  day;  the  other  group  practiced  the  saae  task  vith 
the  stimili  and  responaes  re-paired  each  day.  Follofdng  training,  all  groups 
were  tested  for  transfer  to  four  additional  tasks.  Transfer  sas  tested  over 
four  day»*  T«o  of  the  four  transfer  tasks  were  used  on  each  transfer  day,  so 
that  half  Uie  tIubj•c^s  iri  each  group  were  tested  with  one  task,  half  with  the 
other  taA,  os.  each  day. 

On  iiiS  -AolSp  varied  t:.*aining  yielded  st^srior  transfer  to  constant 
training*  Bowever,  t^'is  result  was  almost  entirely  duo  to  the  group  trained 
with  different  tasks,  Spoc5.fically,  the  different-tasks  group  performed 
significantly  better  than  uhe  constant-conditions  group  on  both  tasks  on  the 
first  transfer  day,  on  one  task  on  the  second  transfer  day,  and  during  the 
Initial  half  of  practice  on  one  task  on  the  third  transfer  day.  In  contrast, 
the  gro(9  trained  by  daily  rs-paix*lns  the  stimuli  and  responses  of  the  same 
task  exhibited  better  transfer  than  ihe  constant-conditions  group  on  only 
one  oocaslon,  naaely,  on  one  task  on  the  first  transfer  day.  The  results 
were  accoast^  for  primarily  in  terms  of  learning  to  differentiate  stimuli 
both  within  and  among  tasks  and  suppression  of  interference. 


These  findixiga  i^ly  that  trairdng  devices  which  provide  a num^iier  of 
training  task  variations  will  yield  greater  initial  transfer  to  operational 
equipment  than  training  devices  that  provide  only  one  training  task.  The 
resuQ.t8  of  the  complete  experimental  program,  of  which  this  study  is  only  a 
part,  will  reveal  wti ether  this  concltision  is  limit-ed  to  th«  high  levels  of 
training  and  lax^e  number  of  tral.ning  tasks  used  in  this  study.  However, 
even  the  preseut  fli'idlnga  do  sst  Is^ly  that  the  greater  transfer  produced  by 
a training  device  •t*at  provides  a variety  of  tasks  will  alwayw  be  sufficient 
to  justify  the  cost  of  dareloping  such  2 device.  Ev&n  in  those  cases  where 
superior  transfer  occurred  after  varted  training,  the  duration  of  the  superi- 
crity  WAS  at  most  three  days*  This  is  considerably  less  than  the  time  that 
WM  apenb  in  developing  the  training  task  vartatlons, 
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TRANSFER  AFTER  10  DAYS  OF  PRACTICE  VOTH 
OWE  TASK  OR  WITH  VARIED  TASKS 


INTRODUCTION 


This  paper  reports  a portion  of  a larger  studj’’  dealing  with  traiisfer-  ii'. 
percepti.ial-motc*r  tasks  as  a fxinction  of  constant  as  compared  with  varied  train- 
ing conditions.  The  basic  plan  cont>lsts  of  giving  certain  groups  training  on 
a single  task  (constant  conditions),  idiile  other  groups  practice  on  several 
tasks  all  of  the  same  class  (varied  conditions).  After  the  same  totad  amount 
of  training,  in  terms  of  tirae  or  trials  of  practice,  all  groups  aro  tested  for 
transfer  to  new  tasks.  The  design  of  the  complete  experimenu,.  ’ program  is 
presented  in  Appendix  A. 

It  will  be  recognized  that  the  varied  training  procedure  used  here,  i.e,, 
practice  on  several  tasks  of  the  same  e.las3,  is  the  typical  method  used  in 
studies  of  iearning-how-to-leam  (10),  Since  it  is  weii  known  that  subjects 
Improve  in  performance  when  they  practice  a series  cf  similar  tasks,  l»e., 
thpy  demonstrate  learning  to  learn,  it  might  be  expected  that  better  transfer 
to  a final  task  would  result  from  tuch  trainin;:  than  from  the  same  total  (Smount 
of  practice  on  a single  task.  Certainly  the  assumption  was  implied  in  Hsurlow's 
(7)  recommendation  that  variation  should  be  introduced  early  and  frequently  in 
training.  His  recommendation  was  a generalization  from  his  work  on  learning 
sets  (6),  although  be  did  not  actually  compsire  transfer  ai’ter  trainiiig  on 
several  tasks  with  transfer  after  aii  equau.  amount  of  practice  on  one  task. 

Such  a comparison  has  boen  provided  by  a few  studies  (2,  3,  9»  13,  lu),  and  in 
general  they  have  found  superior  transfer  for  the  varied- trairdng  groups.  In 
most  of  these  studies  the  gi’O'ips  that  practiced  a single  task  were  considerably 
superior  during  traiiilng,  but  when  tested  on  the  transfer  task  their  perfomanci 
dropped  below  that  of  the  varied- training  groups,  for  which  the  transfer  task 
was  merely  the  last  in  a series. 

A more  analytical  approach  was  taken  by  Crafts  (2)  in  one  of  the  most 
thorough  investigations  cf  the  problem  to  date.  Using  card  sorting,  digit 
substitution,  wiu  typewriting.  Crafts  found  better  transfer  fcUo..ii’g  varied 
training  only  when  there  were  "coiomon  elements’*  in  the  training  and  transfer 
tasks.  For  example,  in  the  first  card  sorting  experiment,  subjects  sorted 
nine  packs  of  cards  each  day  for  five  days.  On  each  day  sorting  the  first 
eight  packs  was  defined  as  trainingj  sorting  the  ninth  pack  was  the  transfer 
task.  The  spatial  arrangement  of  the  boxes  into  which  the  cai'ds  were  sorted 
remadiied  the  same  for  the  constant- training  group  for  all  eight  training  packs. 
For  the  varied-training  group  the  arrangement  was  different  for  each  of  the 
eight  packs.  The  ninth  pack,  the  tratisfer  task,  was  sorted  into  an  arrangement 
which  was  new  for  both  groups.  The  results  were  that  the  varied- training  group 
showed  no  better  tvonsfer  than  the  constant-training  group, 
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Crafts  argued  that  varied  training  yielded  no  better  .transfer  because 
there  were  no  elements  coitmon  to  both  training  and  transfer  tasks.  This  idea 
was  tested  in  a secord  experiment  1:^  having  cards  with  certain  numbers  on  them 
sorted  ii^to  boxes  with  different  numbers,  regardless  of  ths  spatial  arrange- 
ment of  the  boxes.  The  card  nussbcr  corresponding  to  a particular  box  number 
was  the  same  for  all  training  and  transfer  tasks;  this  was  the  common  element. 
The  results  supported  the  hypothesis;  varied  training  produced  significantly 
bettisi*  transfer.  The  differences  in  the  results  of  these  two  card-sorting 
experiments  were  auplicatsd  in  the  substitution  and  typewriting  experiments. 

In  short,  when  common  elements  were  introduced,  varied  traisiing  yielded  superior 
transfer;  when  they  were  eliminated  varied  and  constant  training  produced  equal 
transfisr.  In  no  case,  however,  did  varied  training  result  in  less  transfer. 

Crafts’  results  make  clear  that  varied  training  will  yield  superior  trans- 
fer only  uiider  certain  conditions.  The  present  paper  reports  part  of  a larger 
stud^"  in  which  certairi  other  oonditiona  are  investigated  (see  Appendix 
Speoificaliy,  the  major  variables  of  the  larger  stu<ty  are  the  length  of  the 
training  period  and  the  number  of  braining  tasks.  Comparisons  will  be  made, 
as  measured  by  transfer,  between  gmupg  practicing  a single  task  and  groups 
practicing  several  tasks  during  training,  with  variation  in  both  the  number 
of  training  tasks  and  the  length  of  the  tra.ining  period,  Iti  tiddition,  two 
ways  of  providing  different  training  tasks  will  be  employed.  The  basic  purpose 
of  the  study  as  a whole  is  to  test  for  interactions  between  the  number  and  kinds 
of  training  tasks  and  the  lengtii  of  the  training  period. 

The  pie&efit  paper  ssrveo  to  report  the  over-all  method,  and  the  results 
for  three  groups  given  the  longest  training  period.  The  data  for  these  three 
gi’oups  were  collected  first. 


METHOD 


Apparatus 

The  response  portion  oi  one  apparatus  consisted  of  a lever,  2'n  inches 
long,  pivoted  at  Its  lower  end  in  a ball  and  socket  joint.  The  lever  could 
be  moved  into  at^  one  cf  13  slots  cut  one  inch  deep  end  one  inch  apart  in  a 
st5el  plate.  The  slots  were  arranged  in  a semicircle  concave  to  the  subject, 
A small  red  .jewel  light  was  immediately  above,  end  a microswitch  immediately 
below,  each  slot.  Movement  of  the  lever  into  any  slot  depressed  the  iulci-o- 
switc-h  and  flashed  on  the  light  above  the  slot  which  was  correct  for  tha 
stimulus  shovjing.  xnus,  the  subject  wf.s  informed  which  slot  was  correct 
iiiimediately  af+-er  each  reMpouae.  As  5.  further  aid  to  the  subject,  the  slots 
were  numbered  one  to  13,  from  left  to  right,  with  a large  numeral  printed 
above  each  slot. 

The  lever  was  aiw;^'s  operated  from  .«  sittiug  position.  The  subject 
grasped  the  lever  such  that  the  top  six  inches  of  the  lever  projected  above 
the  hanu;  scops  on  cne  px-uvcuLcd 

freo  end  of  the  lever  entered  the  slot. 
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in  the  sitting  position  the  lights  and  numerals  above  the  slots  were  at 
or  slightly  Lelpw  eye  level.  liumcdiately  above  the  lights  and  n'ornerals  wfus 
the  aperture  of  a memory  drum,  K\e  drmi  fitted  into  a hole  cut  in  a large 
screen  which  prevented  the  subject  from  seeing  the  experimenter  or  the  rest 
of  the  apparatus.  The  view  from  the  subject's  side  is  shown  on  the  left  in 
Figure  1. 

Behind  the  screen  the  experimenter  faced  two  rows  of  13  liglits  each. 

The  li^t  which  was  on  in  the  top  row  indicated  the  correct  slot  for  the 
stimulus  showing.  When  the  subject  moved  the  lever  into  a slot,  the  light 
in  ths  bottom  row  indicated  vmich  slot  had  been  entered.  Recording  of  cor- 
rect and  incorrect  rssporisos  was  done  mariually  bj'  the  experimenter. 

The  cii’cuits  connecting  the  subject's  and  the  eaqjerimenter ' s lights  were 
controlled  by  a selector  switch  operated  off  the  memory  drum.  Jfiach  time  the 
drum,  run  by  its  own  motor,  moved  forvrerd  to  presfent  a new  stimulus,  the 
selector  switch  moved  forward  simultaneously.  In  its  new  position  the  switch 
turned  on  the  "correct*'  light  on  the  experimenter's  panel  of  13  lights  and 
prepared  the  circui  as  soon  as  the  subject  responded  the  "correct" 

light  would  also  appear  on  his  panel,  A set  of  13  telephone  Jacks  permitted 
rnplu  -pairing  of  stimiili  and  slots.  The  expcrir.’.enter ■ 3 siii«  of  the  apparatus 
is  shown  on  the  right  in  Figui’e  1. 

Tasks 


Sines  the  responses  wars  always  movements  of  the  lever  into  the  slots,  a 
task  is  defined  as  a set  of  13  stimuli  which  the  subject  bad  to  learn  to 
associate  with  the  appropriate  slots.  There  were  10  training  and  four  transfer 
tasks.  Each  training  task  consisted  of  13  relatively  meaningless  forms.  All  13 


Figure  1,  The  apparatus*  subject's  viev;  on  the  left,  experimenter > c I'icVT  on 
one  rignt. 
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fcvx.?-  vlthin  a task  were  produced  by  draidjig  elaborations  on  a single  "theme,” 
such  as  a ciicle,  an  H,  etc.  A different  theme  was  used  for  each  task.  Thus, 
no  stimulus  in  any  task  had  any  obvious  similarity  to  a stimulus  from  another 
task.  Because  of  this  there  \mis  probably  very  little  transfer  between  tasks 
resulting  from  stinrali  in  different  tasks  appearing  similar  and,  by  chance, 
being  assigned  to  the  same  response.  Nevertheless,  over-all  iitertask  simi- 
larity was  not  especially  low,  particularly  in  the  training  tasks  where  all 
stimuli  were  forms.  Intratask  .similarity  was  probably  high,  particularly  in 
the  training  tasks,  although  an  effort  was  made  to  minimize  similarity  within 
a task  while  sticking  to  the  theme. 

The  four  transfer  tasks  were?  (a)  K figures,  13  forms  built  on  a theme 
(basic  figure  a capital  H)  not  used  for  any  training  task,  (b)  nonsense  syllables 
of  low  assocint.ior  values  and  ].ow  intratask  similarity,  (c)  Gibson  figures,  15 
selected  from  Gibson's  (5)  four  lists,  (d)  colors,  patches  cut  from  13  shades  of 
colored  paper.  All  training  and  traiisfsr  tasks, except  the  colors,  are  shown  in 
Appendix  B. 

AH  sets  of  training  and  transfer  stlmtili,  except  the  colors,  were  drawn 
and  phetograpbed  on  wiite  patches  about  one-half  inch  square.  Tliese  patches, 
as  well  as  the  color  pai-ches-  were  dry-mounted  on  tapes  >rtiich  had  been  cut  to 
fit  the  memory  drum. 

To  prevent  serial  learning,  the  13  stimuli  in  each  task  were  mounted  in 
12  different  orders  in  a single  vertical  column  on  the  tape.  Since  the  tape 
was  an  ®r.dless  belt,  there  was  no  particulai^  begirmiXig  or  end  of  a Laok.  The 
stimuli  were  machine  paced,  each  stimulus  appearing  for  four  sec.  After  every 
35  stimulus  presentations  (three  trials  or  three  orders)  a blank  space  on  the 
tape  appeared  for  four  sec,  during  which  the  selector  switch  controlling  the 
slot  lights  shifted  to  another  bank  of  contacts.  As  a further  enforcement  of 
paired-associate  learning,  the  tape  was  never  started  at  the  same  blank  space 
on  successive  days  of  practice. 

Conditions 


In  this  report  the  results  for  three  training  conditions  will  be  presented. 
Gi  oup  I WM  txali',ed  LLiidex'  constant  coiiditj.ouo j Group  XX  and  XXX  each  practiced 
under  a different  type  of  varied  conditions  during  training.  In  Group  I each 
subject  practiced  on  one  task  thi-oiighout  all  10  training  days.  The  10  training 
tasks  were,  assigned  to  subjects  in  turn.  In  (h*oup  II  each  subject  practiced 
aT  T ID  trainjijig  tpsv«»,  on^  task  per  day,.  each  subject  the  task  to  be 
practiced  each  day  was  determ'ined  by  .a  10  x 10  Latin  square  in  wikLch  subjects 
were  represented  by  rows;  within  each  block  of  10  subjects  no  task  was  assigned 
to  more  than  ons  cub.ject  on  daj",  lii  Group  III  eael<  subject  practiced  10 
different  psiriiigs  of  one  set  of  stimuli  with  the  slots  (one  task).  As  in 
Group  1,  each  subject  within  a block  of  10  subjects  was  assigned  a different 
training  task.  The  stimuli  and  slots  were  completely  re-paired  before  practice 
began  each  day.  In  these  10  i*e-pairings  no  stimulus  was  ever  paired  with  the 
sainc  slot  rao.’.*e  than  once.  Thus,  ^tiereas  Group  II  was  confronted  with  a different 
set  of  ctiracJLi  every  day  and  had  to  learn  to  pair  them  witix  tne  correct  slots. 
Group  III  saw  the  same  stimuli  every  day  and  only  had  to  le.arn  a new  set  of  S-R 
associations. 
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Iventy-one  trials  were  given  each  day.  Since  the  pacing  was  fairly  slow 
(each  stiMiulus  appearing  four  sec.),  no  rests  were  given  other  than  the  foxu"- 
sec.  blank  after  3?  stirriuli,  or  tiiree  trials,. 

ifeasuring  transfer. 

In  this  and  in  future  reports  the  data  of  chief  interest  are  performance 
on  two  transfer  days  following  the  end  of  training.  The  transfer  tasks  pre- 
sented on  these  days  are  the  H-figures  and  the  nonsense  syllables.  In  testing 
for  transfer  each  of  the  three  main  groups  is  split  into  two  .subgroups.  One 
subgroup  is  tested  with  the  nonsense  syllables  on  the  first  transfer  day  and 
the  H-figures  on  the  second  day.  The  order  of  tasks  is  reversed  for  the  other 
subgroup.  Thus  the  transfer  tasks  are  counterbalanced  over  daj'^s. 

VIhen  the  schedule  of  experimentation  permits,  one  or  two  additional  trans- 
fer days  are  run.  The  Gj.bson  figures  and  the  colors  are  the  tasks  used  on 
these  days.  When  addition  .fez*  nc  couji* 

terbalance  all  transfer  tasks  over  all  days. 

In  the  present  study  both  additional  transfer  days  were  run,  making  a 
total  of  four  transfer  da^-s.  Those  subjects  in  each  of  the  three  main  groups 
irtio  were  tested  with  nonsense  syllables  on  the  first  transfer  day  and  H-f inures 
on  the  second  transfer  day  were  given  Gibson  figures  and  colors  on  the  third 
and  fourth  transfer  days  respectively;  these  subjects  will  hereafter  be  called 
subgroups  A.  The  remaining  subjects,  subgroups  3,  went  through  the  transfer 
tasks  in  the  order*  H-figures,  nonsense  syllables,  colors,  Gibson  figures. 
'Twenty— one  trials  ware  given  on  eacn  transfer  task. 

Subjects  and  proceduxe. 

The  subjects  were  male  and  female  undergraduates  at  Northwestern  University 
end  were  paid  for  their  services.  The  number  of  subjects  in  each  group  will  be 
given  later.  The  subjects  worked  a five-day  week,  thu.s,  the  10  days  of  training 
required  two  weeks,  and  transfer  was  tested  on  the  first  four  days  of  the  third 
week. 


Instructions  to  the  sibjeots  described  the  nature  of  the  tack  and  emphasised 
making  as  many  correct  responses  as  possible.  The  instructions  wei’e  given  eveiy 
day  to  all  subjects  since  conditions  changed  every  day  for  Groups  II  and  III, 
and  since  the  repeated  emphasis  on  making  correct  responses  was  intended  to 
counteract  possible  carelessness  iii  Group  I late  in  trainirig. 

The  instructions  also  specified  that  it  was  necessary  to  make  a jf-espense 
every  time  a stimulus  appeai*ed.  Thus,  there  is  no  independent  arrr  • measure. 

The  data  are  reported  in  terr,s  of  correct  responses. 


HSSUJjTS 


Comparability  of  groups. 


All  six  subgroups  were  equated  or  'ucoeu.  cor^cc^  responses  for  trials  2-h. 
on  the-  firsc  uraxr.ang  liasic  (correct  rerponsc^  on  trial  1 would  be  largely  chance). 
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These  trials  were  used  because  in  a later  report  conparisons  w ill  be  made 
between  tlis  present  groups  and  others  givan  only  four  trials  on  the  first 
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on  the  first  task,  enaatins  on  total  of  trials  2=Ii  could  be  checked  against 
total  of  all  trials. 


The  original  number  of  subjects  in  each  subgroup  ranged  from  23  to  23. 
Those  with  unusually  hig,h  or  low  totals  on  trials  2-4  were  eliminated. 

Table  1 Shows  the  resultant  number  of  subjects  in  each  subgroup  and  the  mean 
totals  both  for  trials  2-U  and  for  all  trials.  Equating  on  trials  2-h  yielded 
mean  totals  for  all  trials  that  did  not  differ  significantly;  the  largest 
t- value;  that  between  Groups  lA  and  IB,  was  1.03. 


TABI£  1 

Comparability  of  subgroups  at  two  stages  of 
practice  cn  the  first  training  task,  indexed 
by  mean  total  correct  responses 


Trials  2-U  All  trials 


Group 

N 

Feaui 

‘"m 

Mean 

M 

U 

19 

6,69 

.5? 

131.58 

12. 7U 

IB 

18 

6.83 

.71 

1U7.22 

8.37 

IIA 

19 

6.63 

.69 

138. U7 

8.77 

IIB 

17 

6,88 

,68 

1U2.35 

8.06 

nu 

18 

6.89 

.69 

132. 9U 

10.  uo 

lilB 

18 

6.72 

.iih 

13U.9U 

11.U3 

Training 

Little  need  be  said  co’'.ceming  performance  of  Group  I during  training, 
since  t-hMP  -sub.iects  practiced  the  samp  t.aak  for  ID  dsv-:’’-  B’’"  th<^  end  oz 

tho  third  day  (63  trikis)  only  three  of  the  37  subjects  in  this  group  were 
still  making  one  or  two  errors  per  trial.  No  subject  made  more  than  an 
occasional  error  after  the  fourth  day. 


Both  Group  II  (a  new  set  of  stimuli  day)  and  Group  III  (the  same 

stimuli  x*e-paired  every  day)  showed  learning  to  learn  in  typical  fashion; 
Intertask  improvement  was  rapid  at  first,  with  /gradually  decreasing  gains. 
Figure  2 shows  performance  of  both  Groups  II  and  III  on  four  of  the  10  training 
days.  (The  aatc  for  all  training  days  for  (hroups  II  ajid  III  oM  given  In 
Appendix  C.)  It  may  be  seen  that  most  of  the  learning-tc-lsam  transfer  in 
both  groups  occurred  by  Day  7^  alvlxough  slight  gains  continued  e»ven  through 
Day  10,  While  only  a few  subjects  achieved  errorless  performarioe  (13  correct 

™r ™ ouKzli  ptfii. unfiariu« 

was  essentially  characteristic  of  all  subjects  in  both  groups.  In  Figure  2 
the  means*  based  on  36  subjects,  run  from  2.2„8  to  12.9  correct  responses  on 
tbs  last  few  trials  of  Day  10. 
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Comparison  of  the  left  and  right  slues  of  Figure  2 reveaPis  that  Group  III 
showed  sonevrtiat  more  rapid  xmpiovement  fi*om  day  to  day  than  Group  II  during 
the  earlier  days  of  training.  Group  III  made  a significantly  greater  gain  than 
Croup  II  from  Day  1 to  Day  6 (t  * 2.06).  This  appears  more  clearly  in  FigiJre  3» 
where  the  two  groups  are  compered  on  mean  performance  on  all  training  days. 

The  problem  faced  by  Group  II  of  differonti.ating  among  new  stimuli  every  day, 
as  well  as  connecting  them  with  responses,  is  presumably  the  reason  for  its 
slower  learning  to  learn  during  the  first  hall’  of  troltiing.  This  point  will  be 
elaborated  later.  The  groups  do  not  differ  by  the  end  of  training. 

Figure  5 shews  another  fact  worthy  of  remark*  the  shsrp  improvement  of 
Group,  III  from  Day  5 to  Day  6.  This  does  not  aypeai-  to  be  merely  a chance 
fluctuation.  The  gain  from  D<jy  5 to  6 was  greater,  on  corresponding  trials, 
than  either  the  gains  from  Days  3 to  it  or  1;  to  ^ on  18  out  of  the  21  trials. 
Figure  3 also  shows  that  performance  on  Day  6 was  the  highest,,  although  by 
only  a fractional  amount,  of  any  achieved  during  training,  w'ith  regard  to  this 
fiiiding,  it  may  be  noted  that  a weekend  (72  hrs.  rest)  intervened  between 
Days  3 and  6,  whereas  all  other  intertask  intervals  were  2h  hr.  The  suggestion 
is  that  the  longer  intertask  interval  permitted  greater  forgetting  of  factors 
counteracting  positive  intertask  transfer.  This  point,  wjll  be  brought  up 
again  m later  discussion. 

Comparison  of  Day  1 with  Day  10  in  Figures  2 and  3 shows  that  considerable 
learning  to  learn  occurred  during  training.  One  way  of  expressing  this  improve- 
ment quantitatively  is  in  terras  of  the  change,  £rom  Day  1 +o  Day  ID,  in 
probability  that  a correct  response  w ould  cccui’  on  the  trial  immediately  following 
the  trial  in  which  it  was  first  made  correctly.  The  maximum  possible  number  of 
such  occurrences  was  U68  (13  responses  x 36  subjects)  in  Group  II,  the  group  on 
which  the  probability  index  was  computed.  There  were  173  such  immediately- 
repeated  correct  responses  on  Osy  1,  and  309  on  Day  10.  Thus,  the  probability 
that  a response  would  be  correct  on  the  trial  following  its  first  correct 
occurrence  was  .37  on  Day  1,  and  ,66  on  Day  10.  Even  this  difference  does  not 
adequately  express  the  amount  of  learn5.ng  to  learn  that  took  place,  since  on 
Day  10  cases  of  two  consecutive  correct  responses  occurred  earlier  in  practice, 
and  werfj  followed  by  fevrer  subsequent  errors,  than  on  Day  1. 

Transfer 


Analysis  of  the  traijuier  data  showed  that  there  were  rather  impoi'tant 
differences  in  performance  as  a function  of  the  particular  task  being  used  to 
meoisure  transfer.  Therefore,  for  any  one  transfer  day'  the  results  will  be 
reported  separately  for  the  two  tasks  used  on  that  day. 

Performance  on  the  first  transfer  day  is  shown  in  Figure  U*  The  transfer 
task  was  nonsense  syllables  for  the  A groups,  siiown  on  the  left  in  Fi;gure  u, 
and  K- figures  for  the  B groups,  on  the  right  of  Figtire  U.  By  inspection, the 
curves  show  differences  between  the. constant  condition  groups  (Groups  lA  and  IB) 
and  the  corresponding  varied  training  groups,  especially  for  those  groups  that 
practiced  on  10  diiferent  tasks  during  training  (Groups  IIA  and  IIB).  A possible 
differential  effect  of  the  two  transfer  tasks  is  also  indicated,  particulai-l;,-  on 
those  subjects  who  practiced  re-pairings  of  the  same  stimuli  and  responses  during 
training  (Groups  IIIA  and  TT7R). 
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MEAN  CORRECT  RESPONSEU 


15  10  15  20  I 5 10  15  20 


TRIALS 

Fig.  2,  Performnce  of  Ck*oup  U,  on  the  Ioft«  and 
Group  III,  on  the  ri^t,  on  four  of  the  10 
training  days 
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Fig.  3i  Mean  perfcrT'iiu*cc  of  Groups  H and  HI  on  all. 
tramu2ig 
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Differences  among  the  A groups  were  evaluated  by  simple  analysis  of  varisnos 
on  total  correct  responses  over  all  21  trials.  The  F was  7»05»  which  for  2 and 
53  df  is  significant  1$  level.  The  hypothesis  of  homogeneity  of  varisnos 

could  not  be  rejected: Differences  between  pairs  of  groups  were 
evaluated  by  tj  the  standard  errors  of  tiis  •ueans  were  based  or.  the  error  term 
from  the  &tia3.yois  of  variance.  Botti  Group  IL^  and  Group  IIIA  were  significantly 
different  from  lA  at  the  1^  levelj  the  t values  were  3.13  and'3.35  respectively. 
The  dlfferetice  between  Ck'oups  IIA  and  IIIA  was  not  significant;  t was  ,26.  These 


Fig,  li.  Performance  on  the  fjjrst  transfer  d/sy.  both  on  the  nonsense- 
o^'llables  task  on  the  left^  and  nn  the  ll-figures  task  on  the 
right 

results  show  that  when  transfer  was  tested  ivith  the  nonsense  syllables  task, 
both  methods  of  varied  training  yielded  equivalent  anounto  of  transfer. 

This  transfer  was  superior  to  that  of  the  group  trained  vuidsr  constant  con- 
ditions, even  though  this  gi'oup  showed  considerable  improvement  over  its  own 
parformsnee  on  the  first  training  day  (from  a mean  total  of  131^58  correct 
responses  on  the  first  training  day  to  a menn  total  of  15?. 11  on  the  first 
transfer  da^v). 

Analysis  of  variance  oi  the  groups  testen  on  li— figui'is  tusk  (on  the 

rijiht  in  Figure  li)  «iso  showed  a diffeiencs  significaiit  at  the  1^'  levelj  F 
was  w s 51  witn  2 and  hd  m.  on  ues^  xor  xxeuex'^^^ciioj. i#y  vcu. j.cui*.c,  the 

corrected ,^^3  lj.21  wilich  is  not  sirriificant.  Comparison  of  pairs  of 
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groups  by  ^ yielded  the  followingj  Group  IHi  was  significaitiy  superior  to 
Group  IB  at  the  1.%  level;  t was  3.52.  Group  IIIB  did  n?t  differ  significantly 
from  Group  IB;  t was  1.03.  The  varied- training  groups  differed  significantly; 
Group  IIB  was  superior  to  Group  IIIB  at  the  level  (t  = 2,59  with'  50  df). 
Thus,  fnese  analyses  show  that  when  transfer  was  tested  with  the  H-figures 
cn  the  first  transrer  day,  cnly  one  of  the  methods  of  varied  trairiing  (10 
different  tasks)  jHelded  transfer  greater  than  that  resulting  from  constant 
conditions  of  training.  Trainixig  with  10  re-pairings  of  the  same  task  did  not 
produce  s significant  effect. 

Turning  now  to  the  data  I or  the  second  transfer  daj-,  it  wjJ.1  be  recal  led 
that  the  A groups  were  tested  on  H-figures  on  this  day,  and  the  B gi-oups  were 
tested  on  nonsense  syllables.  Performance  of  both  sets  of  groups  is  shown  in 
Fiuure  Inspection  of  this  figure  shows  iiiat  fhs  aifferences  among  groups 
are  inuch  reduced  as  compared  with  the  first  transfer  day  (Fig.,  a).  In  par- 
i/icular,  all  B groups  perform  much  the  same  on  nonsense  syllaoLes. 


TRIALS 


Fig.  5.  Performance  on  the  second  transfer  day  both  on  the  H-figures  task 
on  the  left,  and  on  ths  nensonse  sy3J.ables  task  ca  the  right. 


Analysis  of  variance  on  the  A groups  (K-figures)  yielded  F - 3.H2.  this 
value  is  significant  at  the  $%  level  for  2 and  53  Comparison  of  pairs  of 
groups  by  t ahowed  that  Group  IIA  was  significantly  different  from  Grmm  If 
at  the  Tevel;  t xias  2.u9.  Group  HIA  did  not  differ  significantly  from 
Groip  lA  (t  * 1.95),  nor  from  Group  IIA  (t  - .57).  Aithou^  the  differences 
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were  sutaller  than  on  the  first  transfer  day,  ttie  10-task  group,  and  only  this 
4proup,  continued  to  ^ow  transfer  superior  to  the  constant-  conditions  group 
when  tested  with  the  H-figures  on  the  second  day. 

Analysis  of  yarrance  of  the  H groups  gave  an  I'— va^uct  less  than  one« 

The  groups  did  not  differ  when  tested  witli  nonsens’e  syl  second 

day* 

It  is  clear  that,  with  the  method  used  here  of  counterbalancing  traiisfer 
tasks  over  transfer  days,  differences  in  trajasfei-  produced  by  vai’ied  vs  constant 
training  conditions  are  much  leduced  on  the  second  transfer  day.  Comparison  of 
Figures  U and  $ shows  that  this  is  largely  due  to  the  gains  «!edt-.  by  both  Groups  lA 
and  IB  from  the  first  to  the  second  transfer  day.  The  mean  tcta.1  correct  re- 
sponses of  Group  I (A  St  B combined)  was  on  .the  first,  and  175. ?7  on  the 

secuiiil  transfer  day.  Group  HI  showed  a slight  gain  over  transfer  days;  from  a 
mean  of  182. lU  to  a menn  of  186.36.  Group  II  showed  a slight  decrease  over 
transfer  dsys,  from  195*li2  to  192.06. 


As  noted  earl.ier,  the  major  data  of  this  and  future  reports  are  obtained 
when  transfer  is  tested  on  the  first  two  days  immediately  following  the  end.  of 
training.  However,  the  groups  reported  in  this  paper  wai-e  also  tested  on  a 
thii'd  and  a fourth  transfer  day.  The  tasic£<  used  on  these  days  were  Gibson 
figures  and  colors.  The  A groups  learned  the  Gibson  figures  on  the  third  day  , 
odors  on 'the  fourth  dsj>*<  Th«  S gro.'.ps  were  given,  the  color  task  on  the  third 
day,  Gibson  figures  on  the  fourth. 


Performance  on  the  third  trartsfer  day  is  shown  in  Figure  6.  The  Gibson 
figuh'es  arc  learned  rapidly  by  all  three  A gioups,  As  a matter  of  fact,  all 
56  subjects  in  •'•he  A groups  were  errorless  (13  correct  responses)  on  trials 
20  ana  21.  The  color  task  is  learned  less  rapidly  and  the  B groups  show 
differences  among  themselves. 


Figure  6 shown  that  •Dhe  performance  of  all  three  A groups  is  Ally 

asymptotic  beyond  -tiae  tenth  trial.  Therefore,  ody  the  •total  score  for  the 
first  10  trials  was  used  in  the  analysis  of  variance.  Although  Figure  6 shov;s 
that  the  rank  order  of  the  groups  o^ver  -the  first  10  trials  was  what  would  tie 
expected  from  previous  results,  i.e.,  II  above  III  and  III  phove  I,  the  daf- 
fercncss  were  not  significant  (F  •was  2,3^). 

Performance  of  the  B groups  on  the  color  task  was  evaluated  by  two  analyses 
of  variance,  ens  on  total  for  all  2L  trials,  and  one  on  total  f.-ir  the  first  10 
tria3.s  only.  Over  ail  trials  the  differences  wers  not  significant;  F was  2.62. 
O^ver  •the  first  10  trials  F was  3.3C,  vdiich  with  2 and  50  ^ ie  significant  at 
6%  Isvsl-  By  ^test .""Group  TTjj  differed  sifTiliicantiy  frcati  Group  IB 
(t  ■ 2.52),  but  Group  IIIB  did  not  (i  -1.6^7)..  Thus  the  different-tasks  group 
sHowed  some  superiority  to  the  constsu'.t-condf.tions  group  on  the  third  transfer 
day,  but  the  re-paired  group  did  not. 


Fcrfcrmancs  on  the  fcui'th  transfer  day  is  shown  in  Figure  7.  On  the 
left,  of  Figure  7 •fche  performance  of  the  A groups  on  the  color  task  is  represented, 
axenougn  uroup  xa  is  xower,  tn,e  groups  do  not  diirer  significantly  when  tested 
jy  analysis  of  varieuice.  Using  to^tal  o-ver  all  trials  as  the  score,  F u&s  2.88; 
over  -the  first  10  trials  F was  2.53. 
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Figs  6.  PerformaD.c«  on  the  third  transfer  day,  both  on  the  Gibson-figureb 
task  on  the  left,  and  on  uhe  colors  task  on  the  right. 


TRIALS 


Fig.  ?.  Po-rformancs  on  the  fourth  traaHfer  day,  both  on  the  colors  i^isk 
on  the  left,  and  on  the  Gibson-figurss  task  on  the  right. 
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uLIffjrencas  among  tlve  B groups  on  the  Gibson  figures^  on  the  right  in 
i'i/jiirc  7>  are  so  small  that  no  tests  of  significance  wera  mrformedj  By  tt 
fourth  transfer  daj"  differences  among  aU.  groups  have  largely  diaappoared. 


DISa'SSIOK 


If  one  asks  idiether  training  varied  in  some  way  will  yield  superior 
transfer  to  that  provided  by  constant  practice  on  one  task,  common  »«nss  %ould 
seam  to  favor  the  varied  method.  The  present  data  certainly  permit  the  con- 
clusion that  varied  training  yields  greater  transfer,  but  they  a Iso  indicate 
that  this  conclusion  should  be  qualified  on  two  counts.  In  the  first  place, 
much  of  the  relative  advantage  of  varied  training  had  dia^peared  as  early  as 
the  second  day  of  testing  for  transfer.  This  was  almost  entirely  due  to  the 
gains  made  by  the  conRtant-coirtditions  group  from  ths  first  to  the  second 
transfer  days,  rather  than  to  any  losses  by  the  varied-training  groups.  After 
having  highly  overlearned  their  one  training  task,  the  subjects  in  the  constant- 
training group  -ei-e  materially  benefitted  by  t he  single  "variation”  provided 
by  th.3  tasks  presented  on  the  first  transfer  dsyi  In  short,  the  relative 
superior i.ty, produced  by  varied  training  was  not  particularly  enduring. 

The  second  reason  for  qualifying  the  conclusion  of  better  transfer  per- 
formance following  varied  training  is  the  relationship  found  between  the 
kin.d  of  varied  training  and  the  nature  of  the  transfer  task.  Only  those 
subjects  trained  with  a different  set  of  stimuli  every  day  were  superior  to 
the  constant-tz'glned  group  on  more  than  one  transfer  task.  Even  on  the  first 
test  for  transfer,  the  subjects  trained  by  re-pairing  the  same  taisk  did  no 
bettser  than  the  constant  group  on  ths  H-flgures  task.  Thus,  this  finding 
raises  the  problem  that  the  effect  of  certain  k.tnds  of  varied  training  may 
not  be  very  general,  m*y,  in  fact,  be  restrlctwi  to  only  a few  tasks  with  which 
transfer  might  reasonably  be  tested. 

In  fkirther  eBiphsT-is  of  the  finding  that  the  d-'fferen>* tasks  group  was  less 
affno;..ed  than  the  re-paired  group  by  the  particular  transfer  task  used,  it  may 
be  roted  that  in  one  way  the  method  of  training  by  re-poiring  the  same  task 
"looks"  much  more  like  training  on  different  tasks  than  it  does  to  dontijjuod 
practivoe  on  one  task.  Every  dsi"-  daring'  training  the  re-paired  group  had  to 
start  from  scratch,  as  did  the  different-tasks  group,  in  ths  saosn  each 
of  li  stimuli  had  to  be  associated  witb.  a different  res^nse.  The  subjedtg  had 
no  w^y  of  knowing  which  response  was  going  to  bs  correct,  (It  is  true  that, 
by  trying  to  recall  what  associations  had  been  correct  on  the  previous  day  or 
(iays;  the  re-paired  group  might  eiiioinate  certfdn  possibilities,  but  it  ^;ill 
bs  a'.-gued  below  that  such  retention  of  earllsr  eissociations  would  be  a hindrance 
rather  tiian  a help, ) There  was  no  improveawnt  Km  the  first  triai.  frcMP.  day  to 
de;  during  training  in  eitlier  the.  re-paired  or  diXferentrtasks  groups.  FurtSaer- 
more,  both  intra-  and  inter-task  performance  of  these  groups  during  training 
W2?  quite  similar,  as  Figui'es  2 and  3 show. 


In  contrast,  oUe  constant--w:aini^  had,  as  reported  above,  largely 

lea*,  jsu  their  one  task  by  the  end  c-f  the  first  day  of  training.  All  subjects 
in  thi.3  group  had  mastered  the  task  £kfter  four  Hays,  pwurasu  subject 

spfirit.  at  Lz  it  Gi:-;  divsi  trials,  overlearning  the  same  task.  Thus,  the 
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ccnstant  ercup  and  the  re-paired  group  were  tt*ained  quite  oj^ferentXy,  and  yet 
they  did  not  differ,  even  on  the  first  transfer  day,  when  tsateu  with  che  h- 
figures  task.  It  is  clear  that  mere  practice  at  associating  stimuli  with  re-- 
spoases,  on  miich  the  re-paired  group  had  as  much  training  as  the  different- 
tasks  group,  is  only  a portion  of  learning  to  leam. 

This  last  remark  leads  us  to  inquire  what  information  concerning  learning 
to  leam  can  be  gleaned  from  a comparison  of  the  re-paired  with  the  different- 
tasks  conditions-  The  chief  oiffereEces  between  the  groups  are  that  the  re- 
paiied  group  showed  rore  rapid  improvsmert  early  in  training  but  were  squalled 
late  in  training  by  the  different-'tssks  group,  and  that,  on  the  whole,  the 
different- tasks  group  performed  better  on  the  transfer  basks.  In  attenuating 
to  account  for  these  differences  certain  factors  can  be  disposed  of  immediately, 
since -they  were  the  same  for  both  groups.  Specifically,  whatever  is  contributed 
to  leamlhg  to  learn  by  practice  at  associating  stimuli  and  responses,  and  by 
response  differentiation  or  other  factors  on  the  response  side,  should  have  been 
identical  for  both  groups*  Tae  same  car.  be  said  for  such  factors  a.e  getting 
usfcd  to  the  situation,  reduction  of  tension,  etc. 

It  ap^ars  that  the  perfomance  differences  noted  above  must  semshov;  be 
related  to  the  stimuli  presented  during  training  and  di..-ing  transfer.  One  group 
had.  tho  same  stimuli  ©very  day;  the  other  group  was  confronted  with  a new  set  of 
stimuli  every  day.  One  explanation  for  the  more  rapid  learning  to  learn  by  the 
re-pslred  group  early  in  training  might  be  based  on  retention  of  the  acscciations 
made  on  t?-ie  previous  day  or  days,  veiich  would  allow  the  subjects  to  r ject  those 
associations  as  possibilities  on  lat-pv  daj'-s.  (The  re-pa.Lfed  subjects  were  told 
each  dj^y  that  all  13  stimuli  and  responses  had  been  re-paired.)  This  explanation 
might  account  for  the  poorer  performance  of  the  aiffsrent-tasks  group  early  in 
training,  but  it  cannot  account  for  the  differential  effect  of  the  transfer  tasks, 
since  these  tasks  involved  stimuli  whicn  were  new  to  both  groups.  In  addition, 
it  will  be  argued  later,  in  another  connection,  that  retention  of  the  associations 
learned  the  preceding  d^~  would  be  an  interference  rather  than  a facilitation. 


An  explanation  that  appears  more  promising  is  one  based  on  some  kind  of 
stimulus  differentiation.  The  argument  runs  as  follows.  The  stimuli  of  all 
training  tasks  were  relatively  meaningless  forms;  thus,  intratask  similarity 
appeared  to  bo  high.  Both  one  re-paired  and  different-tasks  groups  may  there- 
fore have  learned,  on  the  first  training  day,  to  differentiate  the  stimuli 
while  simultaneously  associating  them  with  responses.  Of  course,  all  13 
stimuli  in  any  task  could  be  seen  as  different,  if  ob  JL  together,  HUt 

as  nsed  here  stimulus  diffrix-entiation  that,  due  to  experience  with  the 

stimuli,  Tihey  are  more  quickly  or  more  ea-cily  discriminated  from  each  other 
than  befors;  tliey  have  achieved  "identity”  in  Hebb's  (8)  sense.  And,  still 
following  Hebb.  .stimuli  that  possess  the  property  of  "identity"  enter  more 
easily  into  S-R  connections. 


•On' the  remaining  training  days  the  re-paired  group  was  confronted  with 
the  same  stimuli  whioh  had  already  been  at  least  partly'  differentiated  the 
first  day.  The  different-tasks  group  lackec.  tills  advaifcare;  t.i-.p.ye  subiecto 
were  Confronted  vH/JH  s.  differ sr-t  set  of  stimuli  every  ds^',  riuss,  the  more 
rapid  isprove^nt  of  the*  rr-paired  group  'arly  in  training  is  understandable 
on  this  b^sis. 


! 

I 
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Late  in  Irainlnj^  the  different-tasks  group  equalled,  and  on  'the  transfer  i \ 

teats  uid  better  in  several  cascb,  uian  the  re-paired  group.  A pcEsibie  -reason 
for  this  itiay  lie  in  the  fact  that  the  10-taisk  subjects  had  considerable  practice 
at  differentiating  stimuli.  Li  SuCh  practice  is  helpf'u].  it  should  show  up  most  - 

clearly  later  in  training  and  particularly  on  "the  transfer  tasks,  where,  for  j , 

the  first  time  since  the  initial  training  day,  the  groups  practiced  on  iasks 
wnose  stimuli  were  equally  new  to  both,  i?  | 


It  should  also  be  noted  that  differentiation  of  stimuli  may  occur  not  only 
among  the  stimuli  within  one  task  but  among  Oils  SwdjnuXi.  comprising  different 
tasks  as  well.  Practice  at  intertask  differentiation  would  help  iii  w^ppi-essiag 
intertask  interference.  As  Riopelle  (12)  has  recently  demonstrated,  suppression 
of  intertask  interference  occurs  during  the  development  of  learning  sets.  If 
the  different-tasks  group  had  developed  greater  ability  to  supp  x*cos  intaroask 
interference,  the  finding  that  their  performance  on  the  first  transfer  day  was 
better  than  the  re-pairsd  gitjup  on  H-figures  but  not  on  nonsense  syllables  is 
understandable.  The  K- figures  are  more  similar  to  the  traiajng  tasks  than  arc 
the  nonsense  syllables  and  are  therefore  more  susceptible  to  interference. 


Although  the  inferences  discu.^.  i above  concerning  learning  to  learn  were 
derived  from  comparisons  of  the  different=tasko  and  the  re-paijred  groups,  it 
is  clear  that  the  discussion  could  as  well  apply  to  comparisons  between  tihe 
transfer  performance  of  ths  differeuL- basics  and  the  constant-conditions  groups. 
Practice  at  differentiating  stimuli  beth  between  and  nmcjg  tasks  with  the  con-r 
sequent  ability  to  suppress  intertask  interference,  processes  which  arc  assumed 
to  develop  with  training  on  different  tasks,  would  account  for  aii  cases  wher-e 
the  13-task  subjects  were  superior  to  the  one-task  group  on  the  transfer  tests. 

Turning  attention  now  to  a different  matter,  it  will  be  recalled  that 
during  training  t he  re-paired  group  slxoweci  a sharp  gain  from  the  fifth  to  t he 
sixth  training  d<ys  (see  Figure  3).  It  has  been  noted  that  5 ?2=hr,  rsLt 
Intervened  between  (training)  Oays  5 and  6,  whereas  all  other  training  days 
were  separated  by  2ii-hr,  It  was  sijggested  that  the  longer  rest  permitted 
greater  forgettirig  of  interfering  aosociations.  Vi'e  sliull  try  to  show  that  in 
the  li^t  of  certain  other  findings,  this  seems  to  be  a reasonable  assiimption. 


Gagne,  Baker,  and  foster  (li)  have  argued  that  negative  transfer  will  iresult 
when  subjects  are  required  to  learn  a second  task  which  is  constructed  by  re- 
pairing the  stimuli  and  responses  of  the  first  task.  An  experiment  (11)  testing 
this  fully  confirmed  -the  prediction.  With  yerb-il.  li^ts  i?  paircd-aesociate 
adjectives,  significantly  more  trials  to  learn  were  needed  and  significantly  more 
sriors  were  made  On  the  re-paired  list  than  on  tiie  first  list.  But  the  results 
in  the  present  study  with  the  re-paired  group  are  directly  contradictoxy.  Figure 
3 shows  considerable  positive  transfer  from  the  first  to  the  second  training  day. 


It  is  believed  that  this  contradiction  can  be  explained  by  the  fact  that 
in  the  adjective-list  study  -the  intertask  interval  was  only  two  min.,  whereas 
in  tha  present  staefy  the  interval  was  at  least  2U-hr.  In  tiie  adjective 
experiment  there  w/is  little  or  no  forgetting  of  the  first  ta^k*  with  the  result 
that  cc-j'-lvlai sole  interference  f»ccurred  during  Tear'ning  of  the  rs-paired  task 
from  the  strong  f irst-task . asscciatiorn It  is  assumed  th?-t  in  iha  ireiisat 
experiment  the  2i;-hr.  inter'/a}.  pcrmittbdi  soma  forgstting  of  the  interfei-ing 
?-R  ccraxections  learned  thr  provlou^  while  lacT-ors  contrituting  to  positive 

transfer  ware  apparently  better  retained.  (Bunch  (1)  has  reported 
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■that  gensrsl  transfer  effects  are  retained  better  than  specific  S-R  aasoci- 
atlons.)  It  should  also  be  no'bsd  that  in  the  adjective  study  the  stinalus- 
response  interval  was  only  two  sec.  whereas  in  the  present  study  it  was  four 
see.;  with  the  longer  time  there  is  acre  opportunity  to  suppress  erroneous 
response  ■tendencies.  Thue*  it  should  follow  that  a 72-hr,  interval  would 
allow  even  greater  forgettjjag  of  pi^viously-leamed  S-R  connections,  pemit^tting 
positive  transfer  factors  to  appear  more  strongly.  Furthermore,  it  is  even 
possible  th«t  the  drop  in  performance  from  the  sixth  to  the  seventh  trainirig 
day  (Figure  5)  may  be  due  to  the  quite  strong,  and  therefore  too  well  retained, 
assoclcitions  learned  on  the  sixth  day. 


IMPLICATIONS  FOR  THE  DESION  OF  TRATK:j[NG  EQUIFtEHT 


The  situations  -oenfronting  militaiy  personne].  in  the  performance  of  regular 
duties  are  often  quite  *raried.  Sldllful  performance  in  response  to  varying 
protlerns  demands  a certain  degree  of  flexibility  c-n  the  part  of  the  personnel 
c'oncemsd.  The  question  therefore  arises  as  to  whetner  it  is  possible  to  pro- 
■vide  training  that  will  facilitate  a flexible  appi'oach  to  ■the  varying  den^ands 
of  the  operational  situation*  In  particular  it  wculd  help  to  know  whether 
training  de'vices  shoaici  be  dfesigied  to  require  cor  siderable  variation  in  the 
beha'vior  of  the  trainae,  thus  simvilating  more  closeiy  the  demands  of  the 
operational  situatiesn.  Although  the  research  upor.  •vrtTiich  this  report  is  based 
was  designeai.  primarliy  to  contribute  l,o  a background  of  information  and  the 
development  of  principles  ;*:ich  will  be  widely  applicable,  the  present  res^ults 
have  certain  implications  relevant  to  the  above  questions. 


Some  of  the  findings  detailed  in  this  report  :Lmply  ■that  it  would  be 
woi*thidiile  to  develop  training  de^vioes  that  can  provide  vailed  training.  In 
the  first  nlace,  it  waS  shown  that,  in  general,  vailed  training  resul^ted  in 
superior  transfer  performance.  Perhaps  more  important  was  the  finding  that 
those  trainees  irtio  had  to  respond  during  training  to  several  different  sets 
of  stisnili  Dcrformed  well  on  all  transfer  tasks,  lev.’  it  is  likel^v  that-  most 
military  situations  requiring  the  operation  of  complex  equipment  press?nt  the 
operator  with  a variety  of  attuationsc  It  is  therefore  implied  that  in  training 
personnel  to  operate  complex  equipment,  training  de^vlces  might  well  be  designed 
to  pro'vide  a considerable  variety  of  input  information. 


It  naist  be  pointed  out,  however,  tiiat  o'thGr  a:;par!ts  of^&e  results  raise 
soine  questions  aliout  the  adYisability  of  designing  highly  flsocible  training 
v-is-vricaa.  increasing  ■the  complexity  of  training  dc\ices  is  likely  to  be  ex- 
n«r, ai-v«.  FuTtheriiiore,^  varied  training  is  more  ccrapisx  to  administer  and  may 


be  more  expensive.  It  is  pertinent  to  ask  whether  the  advantages  to  be  gained 
arfj  worth  it.  In  the  first  place,  it  maybe  inferrel  from  the- present  results 
that  not  every  kind  of  ■variation  irfiich  might  be  bui  .t  into  training  devices 
•will  nr  '.csssr-ily  be  helpful.  The  results  presente  I for  those  eubiects  tra-Lned 
by  re-p»iririff  esob  day  the  sttmuli  and  responses  of  one  tesk  show  that  ners 
prai^tlcs  at  associating  stimuli  and  responses  does  .lot  always  provide  superior 
transfer.  This  was  true  even though  such  practice  h id  been  considerable  in 
ssiount  and  transfer  was  tested  -with  tasks  similar  i ■ ms-y  rr,  -trilnlcg 

task.  It  is  perhaps  not  surprising  that  the  results  should  jjmply  that  not  eveiy 
method  of  ■varying  traininr^  ■'-■bich  might  be  provided  by  jpproprlate  design  of 
training  de'vices,  will  facilitate  performance  on  operational  equipment. 
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Secondly^  eitiio-agh  varied  training  may  result  in  superior  performance  at 
first,  such  superiority  may  be  relativsiy  temporary.  This  occurred  in  the 
present  study.  Thus,  the  results  iiuply  that-  one  must  neigh  the  e^tra  cost 
and  complexity  of  highly  flexible  training  devices  against  the  total  gain  to 
be  achieved.  j 

I 

'.i 

i 

CONCLUSIOWS 

I 

I 

I 

1.  In  general,  varied  training  resulted  in  better  performance  upon  testing  , 

for  transfer  than  did  training  restricted  to  continued  practic*  on  one 

task. 

2.  Varying  training  by  requiring  practice  on  different  tasks  effected  superior 
performance  in  several  of  the  tests  for  transfer. 

3.  Varying  traini:ig  by  requiring  practice  on  the  s«/ue  task  re-paired  every  day 
produced  more  transfer  in  one  transfir  test  only. 

4.  Much  of  the  dlffei-ence  in  transfer  performance  between  varied  and  constant 
training  conditions  had  disappeared  after  the  first  day  of  testing  for 
transfer.  Ail  groups  were  equivalent  in  performance  after  the  third  transfer 
day. 

5.  It  was  suggested  that  the  facilitation  of  transfer  performance  following 
training  with  different  tasks  was  due  to  practice  at  differentiating  stimuli 
both  within  and  between  tasks  and  consequent  suppression  of  intra-  and 
intertask  interference. 

6.  The  results  imply  that  flexible  training  devices  may  produce  better  trsjrjsfei- 
to  operational  situations  than  non-flexible  training  devices.  It  is  a 
separate  question  as  to  whether  the  costs  of  providing  flexible  training  may 
outweigh  its  advantages. 
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AFi^ENUlX  A 


The  design  of  the  training  conditions  for  the  experimenta].  progra.?.  as  a 
whole  is  presented  below.  The  three  cells  on  which  the  present  report  is  btiocd 
are  marked  -'X''.  As  ercplained  in  the  text,  the  subjects  in  each  cell  ai'8  divided 
into  two  subgroups  at  the  time  of  testing  for  transfer.  R'ach  3 ub^roup  goes 
through  the  transfer  tasks  in  a different  order.  The  design  is  incomplete  in 
that  the  tjrpe  of  varied  training  provided  by  differcnl  tasks,  shown  in  the  first 
three  rows  foi  10,  5»  snd  2 different  t-asks,  is  not  completely  duplicated  by 
corresponding  rows  for  the  type  of  varied  training  provided  by  re-pairing  xhe 
stimuli  and  responses  of  one  task.  Since  the  one  row  for  the  re-paired  task 
type  of  u-ainiiig  indicates  that  the  task  was  re-paired  10  times,  this  row  is 
comparable  to  the  row  for  10  different  tasks. 


Type  of  training 

Number  of  training  days 

10  5 2 

10  different  tasks 

X 

5 different  tasks 

2 different  tasks 

1 task 

▲ 

1 rs~paired 

1 10  times 

i . . 

Y 
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APPSHDII  B 


On  this  and  the  next  two  pages  ara  shown  the  setw  of  atinaili  comprising  t he 
different  tra^jiing  and  transfer  tasks*  The  13  stijnuli  within  each  of  the  10 
training  tasks  arc  arranged  in  adjacent  columns  under  a niunbered  bracket.  Xla-ee 
of  tivv  transfer  tasks,  the  nonsense  sj’-llhbles,  the  H-ficufes,  and  the  Gibson 
figirres,  are  shown.  Transfer  task  four  consisted  of  patches  of  13  different 
colors  and  is  not  shown. 


a • 


/ ' 

■- s. ' 

□SI  © 1 Ol  ® ! ® i 

IS 

0 

iffilsUbdiOi  @ C&i© 

|gLjiL^i^lQir)i0!oi 

j 

miM 

! © i.O' 

i^) 


nTTh;' 


WADC  TR  5i4-n5 


-20- 


1 

9 

6 

7 

A 

0 

10 

1 

i.3 

i-i 

l,li 

2,1 

2.1 

1.9 

1.7 

2.7 

T*"‘ 

1.9 

•2 

1.7 

5 - W 

3,ii 

U.2 

3,7 

5.8 

4,4 

4.5 

4.U 

2JU 

3.1 

1.1 

U.8 

u=? 

K.\ 

5>U 

5.6 

6.2 

6,1 

k 

2*? 

3.6 

5.9 

5.6 

6^2 

6.jS 

7.3 

7.3 

7.U 

7>? 

5 

3.U 

1.  A 

a.y 

6.7 

6.8 

7.2 

0*4 

fs  ✓ 

w«w 

8.U 

8,3 

8.9 

6 

U*o 

6.3 

7.7 

7.i; 

8.3 

n 1. 

10.1 

9.8 

7 

U.7 

6.2 

8,6 

8.0 

9.3 

10.0 

lO.U 

11.0 

10,3 

11.2 

8 

4*9 

7.1 

8.8 

9.3 

10.2 

10.6 

n.i 

11.3 

10.9 

llJi 

9 

6.1 

7.5 

9.7 

9.7 

IO..3 

11.5 

11.6 

11.5 

n.7 

11.6 

10 

6.5 

3.5 

10.1 

9.9 

10.9 

U.9 

11.8 

11.9 

12.1 

12.4 

n 

6,5 

6.9 

10.3 

10*8 

n.ii 

12.1 

12.1 

12.1 

11.9 

12.2 

12 

7.U 

9.U 

10.7 

10.9 

11.6 

12.U 

12.3 

12.5 

12.3 

12,5 

13 

8.5 

9.8 

Ll.Q 

11.5 

J1J..9 

12.1 

j-t.? 

x&.o 

12.5 

TO/; 

w- 

Ui 

6,8 

10.3 

n.U 

llilt 

12,1 

12sU 

12.5 

12  ,U 

l?-7 

12.6 

15 

9.0 

10.5 

1 i ,ii 

11,6 

12  ,U 

12,3 

4.2,6 

12,6 

12.7 

12.7 

16 

9.7 

10..6 

11.8 

12.1 

12.5 

12„6 

XSr.  1 

12.8 

12.£ 

12.7 

17 

9.9 

11.1 

11.8 

11.9 

12.5 

12.6 

12.  W 

12.7 

12.6 

12.7 

18 

9.8 

11,3 

12.2 

12.2 

12.6 

12.7 

12,  B 

19.6 

12.7 

12,8 

19 

10.6 

li,6 

12.3 

1^.3 

12-6 

12.6 

12.9 

12.8 

12.? 

12,6 

20 

11.1 

U.7 

12.  U 

12.U 

12e? 

12.0 

12,8 

12.  S 

^ 3 fi 

12. S 

21 

11.1 

11.8 

12,6 

12.4 

12.5 

12.8 

12.8 

12.  8 

12.9 

12I9 

IPPSBSH  G 

( caatiaue<l) 


Mma  eorrvet  r«cp^oM8  par  tsdAl  oq  aaeb  of  tha  10  troliaiag  di^o  for 
Grotp  III,  tha  group  troinad  re-pailrlag  the  atLaoli  and  raspoosea  of  tho 
MUBO  task  ararj  dax* 


Tralsdag  da/ 


¥rial 

1 

2 

3 

k 

5 

6 

7 

8 

9 

10 

1 

!•! 

1*3 

1.5 

0 A 

O.  0**w 

n C 

1.8 

1.8 

1.8 

2.1 

2 

2,1 

3»3 

k.k 

k.6 

k.5 

6.0 

5.1 

5.6 

5.2 

5.5 

3 

2.1 

li-U 

$.6 

5.6 

7.3 

0.3 

6.7 

5,9 

6.0 

h 

2e8 

5.U 

5.9 

7.3 

7.2 

8.0 

7.6 

8.5 

7-5 

7.9 

3*8 

5.9 

7.0 

7.U 

7.9 

9«5 

8.7 

9.1 

9.3 

8.8 

6 

3-8 

6.9 

e.o 

8.U 

8.5 

9.9 

8.9 

9.7 

10,1 

9.7 

T 

k.2 

7.1 

8.9 

9.0 

9*k 

10.6 

10.2 

10.8 

10.2 

10,2 

6 

8»1 

P.3 

9.7 

9.8 

10.9 

10.9 

U.k 

U.5 

U.1 

9 

5.3 

6.6 

9.3 

10.1 

9.9 

^ ■»  ^ 
xj,,y 

XX*c. 

11.9 

U.7 

Ur$ 

].6 

6.3 

9,2 

10.2 

10.3 

10.6 

11.9 

u.$ 

U.9 

U.6 

12.1 

n 

6.»? 

9S 

10,6 

10.9 

n.3 

12 

U.9 

12.2 

12.0 

?i.2.3 

!:•« 

« A i* 

j.u«<e 

Xv.9 

ii.5 

11  .k 

12.3 

12.1 

12  .U 

12- 3 

izJ; 

13 

7.9 

10  J( 

U.$ 

U.3 

12.1 

12.k 

12.3 

12.U 

ulk 

12.6 

Xk 

8,3 

10.$ 

llJt 

11.$ 

U.8 

12.$ 

12.3 

12.6 

12,$ 

12.$ 

15 

0.6 

1D.9 

n.8 

U.G 

12.2 

12.6 

12.3 

12.$ 

12,$ 

12.6 

Q«o 

10,9 

12.2 

12.C 

12.3 

12.6 

12.3 

12.8 

12.7 

12.8 

1? 

9.5 

11.3 

i?a 

12.2 

12  .k 

12,6 

12.2 

12.6 

3 2.7 

12.7 

16 

9^3 

ll.ii 

12.0 

12.2 

12.k 

12.7 

12oU 

12.6 

12.7 

12.9 

19 

9,8 

11.$ 

12.3 

12.3 

12fk 

12.7 

12.5 

12.7 

12»7 

12.8 

30,1 

U.8 

12.3 

12.k 

12  J» 

12.7 

12,6 

12.6 

1 « ft 

12,8 

n 

11.9 

12.$ 

12.3 

12.k 

12.7 

1?.5 

12.7 

■a 

ft 

a* 


IIADC  TH 


UNCU 


jr  j: 


yj 

4 k 


i} 


SSiFIED 


